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HARYANA AGRICULTURAL UNIVERSITY 
Hissar, India 
l) Heritability and correlation estimates for protein, oil, and crushing 
hardness in photo-~ensitive and insensitive groups of soybean. 
Protein, oil, and crushing hardness as an indicator of cooking quality 
are the important seed attributes for which soybean is valued in all parts of 
the world. Protein and oil content have been reported to be influenced by 
genetic and climatic factors (Chapman et~., 1976; Shorter et~., 1977) but 
with respect to crushing hardness attribute of soybean seed, infonnation avail-
able in the literature is as good as nil. In the present communication, 
attempts have been made to understand the nature of genetic effect through 
heritability and other genetic parameters of variability for both photo-
sensitive and insensitive groups of soybean. Association of these attributes 
has also been studied. 
Material and methods: Twenty-five photo-sensitive strains and 20 photo-
insensitive strains were evaluated in two separate replicated trials at Haryana 
Agricultural University, Hissar, India during rainy season, 1974 and spring 
season, 1975, respectively. Protein content and oil content were detennined 
on replication basis, after drying the samples in a hot air oven 60°C and 
storing in air-tight containers, according to the method of McKenzie and 
Wallace (1954) and Kartha and Sethi (1957), respectively. The crushing hard-
ness {kg/seed) was judged in whole seed with the help of a hardness tester 
(Ogwa Seiki , Ltd . , Tokyo, Japan). 
Genotypic coefficient of variation, heritability estimates (broad sense), 
genetic advance, and genotypic and phenotypic correlation were estimated using 
the fonnulae suggested by Burton (1952), Hanson et~· (1956), Johnson et~· 
(1955) and Miller et~- (1958). 
Results and discussion: The estimates of mean, range, phenotypic, geno-
typic and environmental variance and their coefficient of variati on along with 
heritability and expected geneti c advance expressed at 5% selection intensity 
for protein and oil content and crushing hardness for both photo-sensitive 
(set I) and insensitive (set II) groups are given in Table 1. 
Analysi s of variance indi cated significant genotypic differences for pro-
tein content and oil content in photo-sensitive group and s igni ficant geno-
typic differences for oil content and crushing hardness in photo-insensitive 
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Table l 
Estimates of mean, range, components of variance, heritability, 
and genetic advance for protein content, 
oil content, and crushing hardness 
Percentage Percentage Crushing 
Erotein content oil content hardness 
Estimate of Set I Set II Set I Set II Set I Set II 
Mean 41.99 38.23 16. 12 18.32 16.23 15. 78 
Range 36.10- 37.87- 13.82- 12 .82- 14.03- 11. 12-
49.58 41.48 19.07 23.59 19 .10 19.37 
Phenotypic variance 15.09 4.31 17. 05 6.62 
Genotypic variance 8.98 1. 15 7.96 1.075 
Environmental variance 6.11 3. 16 9.09 5.55 
Phenotypic coefficient 
of variation (%) 9 12.80 22.53 16. 31 
Genotypic coefficient 
of variation (%) 7 6.60 15. 39 6.57 
Environmental coeffi-
cient of variation (%) 5 10.90 16.40 14. 90 
Heritability (%) 
(broad sense) 59 26 . 68 46.67 16. 23 
Genetic advance 4.69 1.09 3.97 0.86 
Genetic advance as 
percent of mean 11 6.76 21.65 5.45 
-----------------------------------------------------------------------------
S.E.(d) at 5% + 2.018 NSa 
aNot significant. 
bDifference not significant. 
1.44 2 .13 l .665 
group. The mean and range were comparatively high in photo-sensitive group 
for oil content in spite of smaller population. This might be due to the 
comparatively more favorable high temperature during pod filling period in 
spring crop as compared to rainy season crop which was sown as late as in 
August. However, the reverse was the situation observed for protein content, 
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for which both mean and range were high in photo-sensitive group . Highest 
protein in photo-sensitive group was recorded for PK-71-5 (49.6%) followed by 
UPSM-236 (49 .5%), PK-73-119 (47 .5%) which were statistically at par with 
PK-71-5. Highest oil content in photo-insensitive group was recorded for 
'Harosoy' deciduous (23.6%) followed by 'Hark' (23.3%), 'Traverse' (23.3%) and 
PS-73-7 (21 .4%) whereas in photo-sensitive group, PK-73-97 gave the highest 
oil content (19.7%) followed by PK-73-BP-l-8 (18.6%), JM-670 (17.8%), JN-703 
(17.8%) and PK-73-51 (17.8%) which were all statistically at par with PK-73-97. 
The highest crushing hardness, for which genotypic differences were observed 
only in photo-insensitive group, was exhibited by UPSM-375 (19.37 kg/seed) 
followed by 'Goldsoy' (17.40 kg/seed). Interestingly, strains exhibiting high 
crushing hardness also had high protein, indicating some association between 
these two seed attributes. 
In order to understand the exact nature of association, correlations 
were estimated at both phenotypic and genotypic l evel. Results revealed that 
protein content and oil content in the photo-sensitive group had inherent neg-
ative association as indicated by significant phenotypic (0.55%) and high geno-
typic correlation values . In the photo-insensitive group, there was an 
absence of genotypic differences for oil and protein content in this group. 
However, looking at mean value of both the traits, it was clear that the 
strain UPSM-366, which had highest protein content, exhibited the lowest oi l 
content (12 .8%) . Similar was the situation in the photo-sensitive group where 
PK-71-5 showed the highest protein content but had the lowest oil content 
(13.9%). This confirms the stable negative association between oil and pro-
tein content as recorded in earlier studies (Kamel et~. , 1970; Lal et~., 
1973; and Shorter et~. , 1977). If this association is due to tight linkage 
between high protein and low oil content, it might be possible to have recom-
binant having high oil and protein content by adopting appropriate breeding 
technique like inter-mating among segregants i n F2 generation of a cross 
between high oil and high protein parents . 
As there were no significant differences for protein content in photo-
insensitive group and for crushing hardness in photo-sensitive group, the 
correlation of crushing hardness was only estimated with oil content and not 
with protein content in either of the groups . However, mean value indicated 
some positive association between protein content and crushing hardness as 
discussed earlier where protein lines were also having high crushing hardness . 
At present, information regarding the association of protein content and 
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crushing hardness of seed in literature is nil . Similarly there is no report 
regarding the association of hardness of seed with oil content. In the pres-
ent material, crushing hardness had non-significant negative phenotypic corre-
lation value (0 .07) indicating absence of any association between these two 
attributes of soybean seed. 
These correlations suggest that in order to incorporate good cooking 
quality (less crushing hardness), one has to sacrifice high protein content. 
However, it would be possible to incorporate both high oil content and good 
cooking quality. 
Genetic gains in a population for the attributes under consideration 
would depend upon the genetic parameters of variability (Table 1) along with 
selection pressure. For protein content, on partitioning the observed vari -
ability which was significant only in photo-sensitive group, it was found that 
genotypic variance was higher than environmental variance, indicating more 
influence of genetic effects for the expression of protein content. However , 
in the photo-insensitive group, though the range was high, the absence of 
genotypic differences indicated the higher influence of environmental effects 
for protein content. With respect to oil content, variance and coefficient 
of variation at genotypic level were higher in photo-sensitive group as com-
pared with insensitive. However, in both groups, genotypic variances were 
less than environmental variances, suggesting larger i nfluence of environ-
mental effects on oil content though appreciable genetic effects were also 
noticed. The influence of environmental effects was more in the case of 
photo-sensitive group. For crushing hardness, most of the observed variation 
in the photo-sensitive group was due to environmental effects whereas in the 
photo-insensitive group, though there was large influence of environmental 
effects, yet there was an appreciable influence of genetic effects . 
For protein content, with the estimated heritability value (59%) in the 
photo-sensitive group, the expected genetic gain expressed as percent of mean, 
at 5% selection intensity would be 11 %. For crushing hardness, in the photo-
insensitive group having heritability estimate of 16.23%, the expected gain 
expressed as percent of mean would be only 5.45%. For percent oil content, 
high heritability (46.67%) was associated with high genetic gain expressed as 
percent of mean (21.65%) in the photo-sensitive group . In general, protein 
content had high heritability in the photo-sensitive group and oil content had 
high heritability only in the insensitive group. Shorter et al. (1977) also 
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reported high heritability for oil and protein content in soybean. Crushing-
hardness showed comparatively poor heritability . 
Summary: Thirty-five strains of photo-sensitive and 20 strains of 
photo-insensitive groups were evaluated for oil, protein and crushing hardness 
of seed in soybean at Hissar, India during spring and the rainy season, for 
genetic parameters and correlation. Oil content had inherent negative associ-
ation with crushing hardness, an index of cooking quality. Heritability for 
oil content in the photo-sensitive group was average, whereas it was low for 
crushing hardness. Genetic gain at 5% selection intensity would be 11 % and 
21.65% and 5. 45% for protein content, and hardness respectively. Environmental 
influence was larger as compared with genetic effects for oil and crushing 
hardness whereas for protein content, genetic effects were larger. Correlation 
study indicated that less crushing hardness could be combined with high oil and 
protein content. 
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1) Genetic and altitude effects on seed protein content in soybean. 
Summary: Sixty germplasm lines were raised in replicated trial at 700 m 
above m.s.l. and 1300 m above m.s.l. in the western zone of sub-Himalayan 
region to understand the genetic and altitude effects on seed protein in soy-
bean. A larger influence of genetic effect was recorded; however, an appreci-
able influence of altitude, and genotype x altitude interaction effects were 
also noticed. Expression of protein content was maximum at the lower altitude, 
as compared with higher altitude. At lower altitude, the range was from 38.28 
to 47.25% whereas at higher altitude, it was from 30.40 to 43.31 %. EC14451 
genotype exhibited high and stable protein content over altitude (43.32%). 
Various other genotypes also had above-average protein content. On the basis 
of high heritability (62.7%) recorded in the present study, the expected 
genetic gain expressed as percent of mean, would be around 14% at 5% selection 
intensity. 
Introduction: Seed protein content in soybeans and other grain legumes 
depend on its genotypic constitution and environmental factors (Kamal et~., 
1970; Gupta et~., 1974). Due to considerable influence of locations and 
seasons, genotypic difference among genotypes should not be based on the esti-
mates of one season and one location. Introduction of soybeans is being 
attempted vigorously in India as a good oilseed and pulse crop. Hilly areas 
in the country were the first to have taken up its cultivation. Present study 
was undertaken to assess the genetic variation for protein content in the 
exotic collections and influence of altitudes and growing season on this char-
acter. 
